Background: Many epidemiologic studies have evaluated the association between caffeine and fertility, with inconsistent results. Some studies suggest that various caffeine-containing beverages may affect fertility differently. Methods: We evaluated the relation of caffeine, coffee, tea, and sodas with time to pregnancy in a prospective cohort study of 3628 women planning a pregnancy, in Denmark (2007Denmark ( -2010. Women reported beverage intake at baseline and every 8 weeks during follow-up until they became pregnant or for up to 12 cycles. We used discrete-time Cox proportional hazards regression to estimate fecundability ratios (FRs) and 95% confidence intervals (CIs), controlling for potential confounders. Results: There was little relation between fecundability and caffeine intake of 300ϩ mg/day compared with Ͻ100 mg/day (FR ϭ 1.04 ͓95% CI ϭ 0.90 -1.21͔) or coffee intake of 3ϩ servings/day compared with none (1.05 ͓0.85-1.33͔). Soda consumption was associated with reduced fecundability: for all types of sodas combined, the adjusted FRs were 0.89 (0.80 -0.98), 0.85 (0.71-1.02), 0.84 (0.57-1.25), and 0.48 (0.21-1.13) for Ͻ1, 1, 2, and 3ϩ servings per day, respectively, compared with none. Tea drinking was associated with a slight increase in fecundability, with FR ϭ 1.27 (0.98 -1.64) for 2ϩ servings/day versus none. Conclusion: In this prospective study of time to pregnancy, the association between caffeine intake and fertility differed by beverage type. Although we controlled for many confounders, our findings of reduced fecundability among soda drinkers and increased
T he association between caffeine intake and female fertility has been studied extensively, with inconsistent findings. Most studies have been retrospective, assessing caffeine consumption in relation to time to pregnancy among women who are already pregnant. They have shown either reduced fecundability [1] [2] [3] [4] [5] or little association [6] [7] [8] with fecundability. Studies with prospective ascertainment of caffeine consumption also have had discrepant findings, including inverse, 9,10 positive, [11] [12] [13] and no association 11, 14, 15 between caffeine and fecundability or ovulatory infertility. 15 Studies that evaluated individual caffeinated beverages suggest different effects by type of beverage. One study found increased fertility among coffee drinkers but not among tea drinkers 13 ; 2 studies reported increased fertility among tea drinkers 11, 12 ; and 4 studies reported reduced fertility among women consuming soda. 3, 11, 15, 16 Caffeine is an adenosine receptor antagonist with short-term physiologic effects, including release of catecholamines, 17 transient increases in blood pressure, 18, 19 improvements in exercise performance, 20 and (among habitual users) a well-known withdrawal syndrome. 21 The mechanisms through which caffeine or other constituents of particular caffeinated beverages or sodas could affect fertility are uncertain. Caffeine has been associated with alterations in estradiol and other hormones, [22] [23] [24] [25] which in turn may affect ovulation, the length of the follicular or luteal phase, or other menstrual characteristics. Caffeine has also been related to shorter menstrual-cycle length and a lower risk of very long menstrual cycles. 26 Caffeine has been reported to have no effect 27 or possibly beneficial effects on markers of oocyte aging. 28 Soda, both with and without caffeine, has been associated with increased insulin resistance, metabolic syndrome, 29 and weight gain, 30 which in turn are related to polycystic ovary syndrome, a leading cause of ovulatory infertility. 31 We evaluated the relation between time to pregnancy and consumption of caffeinated beverages and soda in a large prospective cohort study of Danish women who were trying to become pregnant.
METHODS

Study Population
The Snart Gravid study is an Internet-based prospective cohort study of Danish women who have recently stopped using birth control to become pregnant. Study methods have been described in detail previously. 32, 33 Briefly, study enrollment began in June 2007 with the launch of the study Web site (www.Snart-Gravid.dk). Potential participants learned about the study through an advertisement on a popular Danish health-related Web site (www.netdoktor.dk), or through publicity in other media. The study Web site contains an online consent form and a brief screening questionnaire. Eligible women were Danish residents, 18 -40 years of age, in a stable relationship with a male partner, not currently using any form of birth control or fertility drugs, who had been trying to conceive for no more than 12 months. Women also had to agree to provide their Civil Registration Number and an e-mail address. After completing an extensive baseline questionnaire, women were e-mailed short follow-up questionnaires every 8 weeks to ascertain pregnancies and to update exposures. Women were followed until they reported a pregnancy, stopped trying to become pregnant, or began fertility treatment. If they did not become pregnant, they were followed for up to 12 cycles (a maximum of 6 follow-up questionnaires). Cohort retention (defined as follow-up until a study event or for 12 cycles) was 82%. 34 After 30 months of recruitment, 5460 women were enrolled in the study. Of these, we excluded 1063 women who had been trying to conceive for Ͼ6 cycles at study entry, 263 women with insufficient or implausible information about their last menstrual period date or length of time trying to conceive, and 495 women who completed only the baseline questionnaire. After these exclusions, 3628 women remained in the cohort. The study was approved by the Danish Data Protection Board and the Institutional Review Board at Boston University. Participant consent was obtained by an online consent form.
Ascertainment of Caffeinated Beverage and Soda Consumption
The baseline questionnaire asked women to report beverage intake during the past month, specifically the number of mugs (250 mL) of regular coffee, decaffeinated coffee, regular tea, herbal or green tea, and bottles (500 mL) of colas (sweetened and diet separately), and sodas without caffeine (sweetened and diet separately) consumed each week. Each bimonthly follow-up questionnaire asked identical questions about beverage consumption during the month preceding the questionnaire.
Assessment of Time to Pregnancy
We estimated time to pregnancy using data from the screening questionnaire, the baseline questionnaire, and each follow-up questionnaire. In the screening questionnaire, we asked women how many months they had been trying to conceive. In the baseline questionnaire (completed immediately after the screening questionnaire), we asked for date of last menstrual period (LMP), and when they expected to get their next period if they did not become pregnant. We also asked whether they had regular menstrual cycles (defined in a help button as "usually being able to predict from one menstrual period to the next about when the next menstrual period would start"). Women with regular cycles were asked to report their usual cycle length. For women with irregular cycles or missing data on menstrual-cycle length, we estimated their usual cycle length with data from the baseline questionnaire (LMP, date of questionnaire completion, the question on when they expected to get their next period), and actual LMP dates recorded during each follow-up.
We estimated time to pregnancy in cycles based on the following formula:
(days of trying at study entry/cycle length) ϩ (͓LMP date from most recent follow-up questionnaire Ϫ date of baseline questionnaire completion)/ cycle length͔ ϩ 1).
We added one cycle to account for the fact that the average woman would have been at midcycle when she filled out the baseline questionnaire. Observed cycles at risk were defined as those occurring after study entry.
During each follow-up questionnaire, women were asked whether they were currently pregnant or had had a miscarriage or other pregnancy outcome since the last questionnaire. The study event of interest was the occurrence of any pregnancy, regardless of pregnancy outcome. In secondary analyses, we evaluated whether the results were similar when women with reported miscarriages were excluded from the outcome definition.
Assessment of Covariates
We collected data on potential covariates in the baseline questionnaire, including age, partner's age, education and income, frequency of intercourse, menstrual characteristics, reproductive history, height, weight, medical history, physical activity, smoking history, and alcohol intake. Data on lifestyle factors were updated in each follow-up questionnaire. We calculated body mass index (BMI) as weight (kg)/height (m 2 ). Self-reported data on height and weight were validated in a subset of women using data from the Danish Birth Registry, with high reproducibility (Pearson r ϭ 0.96). 35 We asked about time spent per week doing vigorous and moderate physical activity and estimated total metabolic equivalents (METs) of physical activity per week by summing the METs from moderate exercise (hours per week multiplied by 3.5) and vigorous exercise (hours per week multiplied by 7.0).
36
Data Analysis
We estimated total caffeine content by assuming that one serving of coffee contained 141 mg of caffeine; 1 serving of decaffeinated coffee, 5 mg; 1 serving of regular tea, 56 mg; 1 serving of regular cola, 51 mg; and 1 serving of diet cola, 66 mg of caffeine. 37 These are similar to estimates used in other studies, 9,38 -40 and similar to those provided by a widely used European Web site with caffeine information. 41 Nevertheless, total caffeine amounts in beverages are quite variable, especially for coffee, because the caffeine content is dependent on both the type of beans used and the brewing method. 42 We categorized total daily caffeine intake into 4 levels (Ͻ100, 100 -199, 200 -299, and 300ϩ mg/day). As our questionnaire did not distinguish between green and herbal tea, we were not able to assess green tea separately. Cola is the only caffeinated soda commonly consumed in Denmark; other sodas were not included in the total caffeine calculation.
To evaluate whether soda per se, rather than its caffeine content, affected fertility, we created a variable for total soda consumption by summing all cola drinks (regular and diet) and all other sodas (regular and diet). We also created variables for all diet sodas combined, and all sugar-sweetened sodas combined. Because of evidence that effects may vary by beverage type, we also evaluated the effect of individual beverages (regular coffee, regular tea, herbal and green tea, cola, other soda, and total soda) according to number of servings per day (for tea and soda; none, Ͻ1, 1, 2 or more; for coffee, none, Ͻ1, 1, 2, 3 or more). One serving was defined as a 250-mL mug for coffee and tea, and a 500-mL bottle for sodas. For our main analysis, we evaluated time-varying caffeine and individual beverage intake, updating beverage consumption based on the data in the follow-up questionnaires. If a woman missed a follow-up questionnaire, we carried forward her beverage information from the most recent questionnaire. We used restricted cubic splines to depict the trend by intake level between each beverage type and fecundabilty. 43, 44 In secondary analyses, we evaluated caffeine and individual beverage consumption at baseline in relation to time to pregnancy.
We used Cox discrete-time proportional hazards regression models to compute fecundability ratios (FRs) and 95% confidence intervals (CIs) by level of caffeine and individual beverage intake, adjusting for potential confounders. The FR represents the per cycle probability of conception in the exposed versus unexposed women. In our primary analysis, we evaluated time to pregnancy, using cycles as the underlying metric. In secondary analyses, we compared our results using time to pregnancy in months instead of cycles. We used any pregnancy as our outcome of interest in main analyses, but also examined the results when the outcome was defined as a successful pregnancy (conception with no report of early miscarriage). Women were censored if and when they (1) reported use of fertility treatments or change in intention to become pregnant, (2) became lost to follow-up or actively resigned from the study, or (3) reached the end of the observation period (no conception after 12 cycles). Women contributed cycles at risk until they became pregnant or were censored. The Cox model allowed for "delayed entry" into the risk set, such that analyses were based only on cycles at risk observed after study entry. 35 Potential confounders were selected based on the literature, their association with other variables at baseline, and assessment of a causal graph. Potential confounders were included in final models, if they changed the FR by an appreciable amount compared with the unadjusted FR. 45 In general, the unadjusted results were similar to the adjusted FRs except in the highest beverage consumption categories. The final model adjusted for age, partner's age, BMI, packyears of smoking, number of alcoholic beverages consumed per week, physical activity (METs/week), and frequency of intercourse. Caffeinated beverages, sodas, alcohol, and intercourse frequency were included as time-varying covariates in our main analyses, and values from the baseline questionnaire were used for all other covariates. We also examined results using the baseline data for caffeinated beverages and sodas. We used multiple imputation techniques to impute missing data. 46 We also evaluated whether the effects of caffeine and individual beverages varied according to levels of other covariates, including age at baseline, parity, smoking, alcohol intake, menstrual cycle regularity, and number of cycle attempts before study entry.
RESULTS
The average age of women in our cohort was 28.4 years (range, 18 -40 years), 67% were nulliparous, and 69% became pregnant within 12 cycles. Mean caffeine consumption reported in the baseline questionnaire was 137 mg/day (median ϭ 86; range ϭ 0 -1425); during the follow-up period, average caffeine consumption declined to 130 mg/day (median ϭ 80.6; range ϭ 0 -1425). In total, 59% of the women reported drinking regular coffee in the previous month, 51% reported drinking regular tea, and 75% reported drinking soda on the baseline questionnaire. Herbal or green tea consumption was reported by 39%, regular cola by 31%, diet cola by 45%, noncola sodas (regular and diet) by Ͻ20% of the women, and decaffeinated coffee by 5%. Few women (7%) reported no consumption of caffeinated beverages, and there was little missing data (for example, 1%, 2%, and 3% women were missing baseline data on the number of coffee, tea, and colas, respectively). In general, consumption of all caffeinated beverages and sodas tended to decline progressively during the follow-up period, with the largest reductions occurring between baseline and the first follow-up.
Baseline characteristics of the study population varied by beverage type (Table 1) . Women who consumed the most coffee tended to be older, have higher parity, and were more Pack-years for partners likely to smoke and drink alcohol than women who did not consume coffee. Women who drank large amounts of regular tea were somewhat older, drank more alcohol, and were slightly less likely to be current smokers than women who did not drink regular tea. BMI and physical activity were not strongly associated with coffee or tea consumption. In contrast, women who drank soda had higher BMIs and were less physically active than other women. Soda drinkers were also slightly younger and tended to have fewer years of education. Frequency and timing of intercourse were not strongly related to beverage consumption, except among the small number of women (n ϭ 17) who drank 3 or more sodas per day. These women were less likely to have frequent intercourse, but more likely to time intercourse. Overall, we found little association between total caffeine intake (mg/day) and fecundability, using either caffeine exposure at baseline or updating exposure during follow-up; adjusted FRs for time-varying data ranged from 0.98 to 1.07 for categories of consumption Ͼ100 mg/day compared with Ͻ100 mg/day ( Table 2) . We did not find a monotonic trend of coffee consumption on fecundability, and all FRs for coffee consumption were close to 1.0, whether using baseline or time-varying data.
Only 11% of women reported drinking one or more servings of regular tea per day at baseline. Women who drank regular tea had moderate increases in fecundability for 2ϩ servings per day (FR ϭ 1.27 ͓95% CI ϭ 0.98 -1.64͔), with no monotonic trend according to servings per day. There was little association between herbal or green tea consumption and fecundability ( Table 2 ). The associations were similar using baseline data.
Women who drank 2 or more servings per day of any type of soda appeared to have lower fecundability (FRs ranging from 0.48 to 0.79), but these estimates were imprecise. For all sodas combined, the adjusted FRs were 0.89 (95% CI ϭ 0.80 -0.98), 0.85 (0.71-1.02), 0.84 (0.57-1.25), and 0.48 (0.21-1.13) for Ͻ1, 1, 2, and 3ϩ servings per day, respectively, compared with none. Sugar-sweetened sodas appeared to have a slightly stronger inverse association with fecundability than diet sodas, with FRs of 0.91 (0.83-1.00), 0.72 (0.52-1.01), and 0.58 (0.25-1.36), respectively, for Ͻ1, 1, and 2ϩ sugar-sweetened sodas per day versus none and FRs of 0.97 (0.88 -1.07), 1.07 (0.88 -1.32), and 0.79 (0.51-1.23), respectively, for Ͻ1, 1, and 2ϩ unsweetened sodas per day versus none (Table 2 ). For most soda variables, the FRs for baseline beverage consumption tended to be closer to the null than the time-varying results ( Table 2) .
The Figure displays the association between number of servings of all types of soda per day and fecundability, using restricted cubic splines. As in the categorical analysis shown in Table 2 , the FR is lower among women who reported drinking sodas compared with those who did not drink any sodas, but the estimates are imprecise.
Analyses of viable pregnancies, rather than all pregnancies, did not produce any major change in effect estimates for total caffeine or any individual beverage (data not shown). The results using months instead of cycles were very similar to those using estimated number of menstrual cycles as the underlying metric for time to pregnancy (data not shown).
In general, we found little evidence that the effect measures for each beverage varied by age, parity, smoking, alcohol intake, menstrual cycle regularity, and number of cycle attempts before study entry (eTables 1-3, http://links.lww.com/EDE/A562). For example, results were similar to our overall results among women with regular cycles (FR ϭ 1.04 ͓95% CIs ϭ 0.80 -1.34͔, 1.18 ͓0.88 -1.57͔, and 0.71 ͓0.47-1.08͔ for coffee ͓3ϩ servings/day͔, tea ͓2ϩservings/day͔, and sodas ͓2ϩ servings/day͔, respectively, compared with none). Similar results were also found in women who had been trying for 2 cycles or fewer at entry (1.12 ͓0.85-1.46͔, 1.22 ͓0.91-1.64͔, and 0.64 ͓0.41-1.00͔ for highest level of coffee, tea, and sodas, respectively, compared with none). Coffee appeared to have slight detrimental effects on fecundability among older women (age 30ϩ years) and parous women, at high levels of coffee intake (3ϩ servings per day). In contrast, consuming large amount of coffee was associated with increased fecundability among younger women (age Ͻ30 years) and nulliparous women. Smokers who drank coffee also seemed to have slightly increased fecundability, whereas fecundability was reduced among nonsmokers who consumed 3ϩ servings per day versus none (FR ϭ 0.83 ͓95% CI ϭ 0.55-1.23͔). Coffee also appeared to be inversely associated with fecundability among the women who had been trying to conceive for 3-6 cycles at entry, while all FRs for coffee were greater than 1.0 among women who had been trying for 2 cycles or less. The associations between either tea or soda consumption and fecundability appeared to vary little according to categories of age, parity, smoking, cycle regularity, or the number of cycle attempts before study entry.
DISCUSSION
We found little evidence that total caffeine or coffee consumption was associated with fecundability in this large prospective study of Danish women planning a pregnancy. However, results differed by type of caffeinated beverage, indicating that a combined caffeine exposure variable may not be appropriate. Most previous studies of caffeinated beverages, sodas, and fertility have focused on total caffeine consumption from beverages. Some studies have also collected information on chocolate and caffeine containing medications. 9 The definition of high caffeine consumption in other prospective studies has varied substantially, from above 107 mg/day in a US study 11 to Ͼ700 mg/day in a Danish study, 9 although several studies used definitions close to our a Adjusted for age at baseline, partner's age at baseline, parity, BMI, METs/week, pack-years of smoking, alcoholic beverages consumed/week, and intercourse frequency. Estimates for coffee, tea, and colas are mutually adjusted for each other in addition to the other covariates.
b Reference category. FR indicates fecundability ratio (cycle-specific probability of conception comparing exposed to unexposed); CI, confidence interval.
highest category of Ͼ300 mg/day. 10, 14, 15 The majority of studies have assessed caffeine and individual beverages retrospectively-in pregnant women, 3, 6 shortly after birth, 7 or in some cases, many years after pregnancy attempts. 8 Besides the obvious potential for exposure and outcome misclassification, retrospective studies may suffer from selection bias, because they are usually limited to women who have become pregnant, and thus could theoretically miss an association that was present only among less fertile or sterile women. Prospective data collection, especially using frequent diaries, or on a monthly or per cycle basis, 9,10 is more accurate. On the other hand, prospective studies of time to pregnancy are limited to couples with planned pregnancies, and thus may be affected by selection bias caused by exclusion of more fertile couples.
Our finding that neither total caffeine intake nor coffee consumption is associated with fecundability is consistent with most, [11] [12] [13] 15 but not all, 9,10 prospective studies. Jensen and colleagues 9 enrolled 430 couples planning a pregnancy and began follow-up as soon as they discontinued birth control. Daily diaries were used to record vaginal bleeding and intercourse, and monthly data were collected on exposures. Reductions in fecundability were found for coffee and caffeine in both smoking and nonsmoking women. However, findings for total caffeine were stronger among nonsmokers, and findings for coffee alone were stronger among smokers. The high level of caffeine consumption and use of a referent group consuming 0 -299 mg/caffeine per day make it difficult to compare these results with our study. In a study of 104 women who had attempted to conceive for 3 cycles, Wilcox et al 10 found an adjusted FR of 0.51 (95% CI ϭ 0.35-75) for Ͼ3150 mg/month of caffeine consumption versus less than that amount. When all women, including the 117 who became pregnant in the first 3 cycles, were included in the analysis, the result was attenuated (FR ϭ 0.80). The authors suggested that the association between caffeine and fecundability may be more apparent among less fertile women. In our study, we also found suggestive differences in the FRs for coffee and total caffeine according to the length of time the women had been trying to conceive at study entry.
Several studies have indicated varying effects of different caffeinated beverages on fecundability. 11, 12, 15, 16 If true, then studies focused primarily on total caffeine consumption may misclassify relevant exposure, especially given the opposite effects reported for some beverages. Like our study, 3 other prospective studies found reduced fertility in women consuming the largest amount of sodas. Results ranged from a 19% reduction in monthly fertility rates 11 for 1 ⁄2 serving per day to 50% reduction for 1 serving per day 16 in the 2 studies investigating time to pregnancy. The Nurses' Health Study 15 found 33%-54% increased risk of ovulatory infertility among women who consumed 2 or more sodas per day. In contrast, a Dutch study 12 reported that there was little association between cola drinks and fertility; however, effect estimates were not reported, and a large proportion of women in the study had been trying to conceive for at least 12 months. In our study, results were slightly stronger for sugar-sweetened beverages, but some reduction in fertility was seen in all categories of soft drink consumption. It is possible that chemical additives or contaminants could explain the findings. For example, bisphenol A has been suggested to have an adverse effect on fertility, 47 and it has been found in canned soft drinks. 48 On the other hand, another plausible explanation is residual confounding by unmeasured dietary factors or other lifestyle characteristics. Our finding of slightly increased fecundability among tea drinkers is consistent with 2 previous prospective studies 11, 12 reporting an approximate 2-fold increase in fecundability among tea drinkers, but disagrees with 2 other studies that reported null associations. 15, 16 Our study is the largest prospective study thus far to evaluate the association between caffeinated beverages and sodas and time to pregnancy. We updated data on beverage consumption over time, which may provide a more accurate estimate of exposure, if one assumes a relatively short induction time for the relation between caffeine and soda consumption and fecundability. When we modeled beverage consumption at baseline, there were few differences for coffee and tea, whereas baseline data on sodas showed weaker associations with fecundability. This might reflect a greater problem with confounding in the time-varying results, but if short-term effects of beverages are more important, the stronger results could be because of better measurement of exposure (and less nondifferential misclassification) using the exposure data that are updated over time.
We collected data on numerous potential confounders. Nevertheless, our findings may be affected by other unmeasured confounding factors, such as dietary patterns or other FIGURE. Association between sweetened sodas and fecundability, fitted by restricted cubic splines. The curves are adjusted for age, partner age, pack-years of smoking, alcohol intake, body mass index, level of physical activity, and intercourse frequency.
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Caffeine and Time to Pregnancy lifestyle factors. Tea drinkers may have healthier lifestyles that could affect fertility, whereas women who regularly consume sodas may have more unhealthy lifestyles, as exemplified by the strong relationship between BMI and soda consumption (Table 1) . In general, once we controlled for known confounders, our fecundability ratios increased slightly, but, overall, confounding had only very small effects, suggesting that residual confounding is unlikely to completely explain our results. Another limitation of our study, despite its large size, is that relatively few women were regular consumers (at least 7 servings per week) of caffeinated tea (11%) and sodas (10%), limiting our ability to precisely estimate associations with fecundability. Also, we collected data bimonthly instead of during each menstrual cycle, which may have led to some misclassification, not only of exposure and confounding variables, but also of cycles to pregnancy. We found similar FRs when we used months instead of cycles, suggesting that our results were relatively insensitive to the choice of metric. Cohort retention was 82%, 34 which is comparable with that of many other prospective cohort studies, 49, 50 and the characteristics of women who dropped out of the study before reaching a study end point were not notably different from those with complete follow-up data (data not shown). Our study, like nearly all prospective studies of time to pregnancy, cannot evaluate exposures that affect the most fecund women, who are usually underrepresented in a study of pregnancy planners. We addressed this issue by restricting the study population to women who had been trying to conceive for 6 cycles or less. We found few differences in results across strata defined by attempt time of Ͻ3 versus 3-6 cycles, implying that length-biased sampling was not a major problem.
In summary, we found little overall relation between caffeine or coffee consumption and time to pregnancy. We did, however, find some evidence for decreased fecundability among women who consumed sodas and increased fecundability among women who drank tea. We caution that these associations may reflect unmeasured confounding by diet or other lifestyle factors.
